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Glycopeptide Analogues 

5 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

10 The field of the invention comprises novel pharmaceuticals for preventing and treating antiviral 
infection, preferably retroviral infections and more preferably HIV infection. 

B ACKGROUND 

Glycopeptide antibiotics (Vancomycin, Teicoplanin) are vital therapeutic agents used world- 
wide for the treatment of infections with gram-positive bacteria. Emerging bacterial resistance 
to vancomycin, which has recently become a major public health threat, is a stimulus for the 
synthesis and investigation of various derivatives of glycopeptide antibiotics (Malabarba, A ct 
al Med. Res. Rev. 17: 69-137, 1997 and Pavlov AY. & M.N,Preobrazhenskaya. Russian 
Journal of Bioorganic Chemistry. 24:570 - 587, 1998). However, none of these compounds or 
their derivatives have been demonstrated to have antiviral properties or to be suitable to inhibit 
or prevent viral infections. 

The present invention includes various semisynthetic derivatives of natural glycopeptide 
25 antibiotics such as vancomycin, eremomycin, chloreremomycin, teicoplanin, DA-40926 and 
others, their aglycons and also productB of their partial degradation with the peptide core 
destroyed or modified in peptide core and in sugar moieties. The present derivatives are useful 
as anti-HTV compounds. They are particularly effective against drug-resistant HIV strains. 

30 SUMMARY OF THE INVENTION 

Semisynthetic derivatives of natural glycopeptide antibiotics have been designed and tested for 
antiviral activity and cell toxicity. 
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The invention includes compounds and methods of making compounds with pronounced anti- 
HTV* activity and low cell toxicity, methods of structurally modifying said compounds for 
enhanced antiviral activity and methods of structurally modifying said compounds for 
5 decreasing or removing antibacterial activity while maintaining antiviral activity. 



An embodiment of present invention comprises thus pharmaceuticals derived from 
glycopeptdde antibiotics or from glycopeptides with an analogue structure for preventing and 
treating antiviral infection, preferably retroviral infections and more preferably HIV infection. 



A preferred embodiment of present invention are compounds of the formula I, II and ID 



Formula I 
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wherein ; 

5 b x and b 2 each Independently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen when tr 2 represents nihil, R* represents nihil when 
b* represents an additional bond and hydrogen when b* represents nihil, R 6 represents R** and 
R° represents hydrogen when b a and b 2 each represents nihil, wherein R Sa is described below. 
Preferably R 6 represents R 6 \ R° represents hydrogen and b 1 and b 2 each represents nihil; 

10 

b 3 represents nihil or an additional bond, R a — R 5a represents a group of the formula; 
CHN(R u >CO, CHN(R u )(CH2) z NCR Ua )CO or CHN(R u )CO(CH 2 )zN(R 1Ia )CO when b 3 
represents an additional bond, and R a is R and R 5a is R? when b 3 represents nihil, wherein z is 0, 
1, 2, 3 or 4 and R, R 5 , R u and R lu are described below. Preferably R* — R 5 * represents 
IS CHNHCO; 

b 4 represents nihil or an additional bond a R b — R 5b represents a group of the formula; 
CHN(R ll )CO t C3^(R 11 )(CH2)^NCR Ua )CO or CHN(R n )CO(CH2),>N(R na )CO when b 4 
represents an additional bond, and R* is R and R 5b is R 3 whenb 4 represents nihil, wherein p is 0 3 
1, 2, 3 or 4 and R, R 5 R n and R 1U are described below; 
20 b 3 , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R^ represents hydrogen and R d represents R or a group of the formula: 
(CHz^CON^^CHCCHzOH) (CHa) q N(R 12 )CH(CH20H) when b 5 and b 7 represent nihil and b 6 
represents an additional bond. R 0a represents nihil, R d — -Y represents a group of the formula; 
CHN=C(NR u )0 or CHNHCON(R n ) when b G represents nihil and b 5 represents an additional 
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bond. Y and R°* each represents a hydrogen and R d represents group of the formula: 
(OfcXCON^^CHCCHzOH) <CHa>iN(R ,a )CH(CHtOH) when b 3 , b 6 and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R R 11 and R 12 are described below; 
n is 0, 1, 2 or 3; 



wherein X? is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 5 are each independently 
selected from hydrogen and CI; 

X* is selected fiom the group comprising hydrogen, halogen, SCfeH, OH, NO, N0 2 , NHNH 2 , 
NHN=CHR U , N=NR", CHR l, R 13 , CH 3 N(R 3 )R n , R 5 , R n and R 13 , wherein R 3 is CHa attached 
10 to phenolic hydroxyl group of the i 01 amino acid, R 5 , R u and R" are defined below. Preferably 
X*isCHjR"; 

X s is selected from hydrogen and methyl; 

R c represents R and R 5 ° represents R s , wherein R and R s are defined below, 
R is selected from CHR 13 and R ,d , wherein BP and R 14 are defined below. Preferably R is 
15 CHR 13 ; 

R 1 is selected from hydrogen and R u , wherein R u is defined below. Preferably R 1 is 

(CH 2 >COOH, (CH 2 )tCONR u R w , (CHj)iCOR 13 , (CH 2 )iCOOR n , COR 15 , (CEbfcOH, (CH2>CN, 
(CHj)^ 13 , (CH 2 >SCH 3 , (CHa>SOCHj, (CH 2 >S(0) 2 CH3, (CH 2 >phenyl(w-OH, p-CT), 
(CH 2 )tphenyl(o-X 7 , m-OR. 10 , p-X*HO-phenyl(<>-OR 9 , w-X 9 , /h-R 16 )]-t», where t is 0, 1, 2, 3 or 
20 4. R X 7 , X 8 , X 3 are defined above. R u , R 12 , R 13 , R* s and R le are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R w and R ,r , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R u , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or O-acetylmauoosyl. R 12 and R 17 are defined beJow; 
25 R* is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CH 2 halogen, CH£L a , CHO, 
CH=NOR a , CH=NNR U R 13 and C=NNHCONR 11 R 15 , wherein R u , R 12 , R 13 andR 15 are defined 



R** is selected from OR 12 , OR* 7 , OH, O-alkyl-Sug and O-Sug, wherein Sug is atty cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi- 
30 vancosarainyl, 3-e/7j-vanc*?5anirayl, vancosaminyl, actinosaminyl, glucuronyl, 4- 
oxovancosamuryl, ureido-4-oxovancosaminyl and their derivatives with fractional groups such 
as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR U R W , N*R 1I R ll TEl IM> f COOR 11 , COR 13 , COR 15 , 0-R 12 , O-R 17 , C=NOR n , 



X , X 2 , X 3 , X*, X 5 , X 7 and X? are each independently selected from hydrogen, halogen and X 5 , 



below; 
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CHNHOR 11 , OWNR ll R 12 and C=NTNHCONR ll R 12 derivatives, wherein R n , R 11 *, R llb . R 12 , 
R 13 , R 15 and R n are defined below; 

R 7 is selected from hydrogen, R w , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosanrinyl, N-acylglucosaminyl, N- 

5 acylglucuronyl, glucosaminyl, glucuroayl, 4-ep/-Yancosajtninyl, 3-ep/-vanc05arainyl, 
vancosaminyl, actinosaminyl, acosaminyl^ glucosyl-vancosaniinyl, glucosyl-4-^p?- 
vancosaminyl, glucosyl-3-e^vancosaminyl, glucosyl-acosaxninyl, glucosyl-ristosaminyl, 
glucosyl-actinosaminyl, gtucosyl-rhamnosyi, glucosyl-olivosyl, glucosyl-mannosyl, glucOsyM- 
oxovancosaminyl, glucosyl-ureido-4-oxovancosaminyl, glticosyl(rhamnosyl)-mannosyl- 

10 arabinosyi, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising WR !l R 12 , 
N^R^R 11 *, COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 C=NOR n , CHNHOR 11 , C-NNR n R 12 
and C=NNHCONR n R 12 derivatives, wherein R u , R lla , R llb , R 12 7 R* R 15 and R X7 are defined 



15 R* is selected from hydrogen, R 1! \ R n , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 

galactosyl; 

R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined 
20 below; 

R 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or fucosyl. R 12 and BP are defined below; 
R 11 , R 1U and R llb are each independently selected from the group consisting of hydrogen, alkyl, 
aryl, heteraaryi, cyioalkyl, heterocycloalkyl; 

25 R 12 and R* 2fl are each independently selected from the group consisting of hydrogen, alkyl, 
cycioalkyl, aryl, heterocycloalkyl, heteroaryl, acyl, ainino-protecting group, carbamoyl, 
thiocarbamoyl, SO2R 11 , S^R 11 , CQR 13 -R 18 , COCHR l *N(NO)R u ? COCHR**NR u R 12 and 
COCHR 18 !^ 1 ^ 11 ^ 1 ^ wherein R?\ R llB and R ub are defined above, R 13 and R 1 * are defined 
below. Preferably R 1 ** is hydrogen, COCHR ,s NR"r 12 , COCHR 18 N(NO)R U , 

30 COCHR 1 ®N 4 R n R lla R llb and COCHR l8 R 13 ; 

R 13 is selected from the group consisting of hydrogen, "NHR* 2 *, NR U R W , NR u Sug, 
N^R 11 *^ 1 * R 13 , m 1, C(R Uft R llb )COR 15 and group of the formula: 
N-A- N*- A 



below; 
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therein A is -CH 2 -B-CH 2 - and B is -(CHbVXXCHaV, wherein m and r are from 1 to 4 and D 
is O, S, NR B , N*R u R Ua , wherein Sug is any cyclic or acyclic carbohydrate, R w , R 11 " and R 
are defined above; 

rM is CH?> 0=0, CHOH, C-NOR 11 , CHNHOR 11 , C=NNR ll R 12 , C=NNHCONR"R w and 
5 CHNHNR U R K , wherein R u and R w are defined above; 

r w is selected from N(R")m lla R u , *T(R»)OR»°, m^^COR 13 , wherein R» R l 
R Ub , R 1J and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 or CHCNH^CHaOH; 

jF is selected from SO3H, SiR»R""R'» SiOR»OR-OR>» VK»K»\ P(0)R»R- 
10 P^R^^whereinR^R 11 ' 1 and R 11 * are defined above; 

is selected from hydrogen and R\ wherein R 1 is defined above. Preferably R 18 is CH* 
CH 3 CH(CH3) 2 , phenyKp-OH, ;»-CI), phenyl-inamnose-^ phenyl-Crhamnose-galactose)^ 
phenyl-(galactose-galactose>p, phenyl-O-methykhamnose^; 

15 or a pharmaceutical* acceptable salt thereof, for use in a therapeutic treatment or prophylactic 
treatment of viral infection 



20 



A more preferred embodiment of present invention is the use of compounds of the formula I, U 
andm 



Formula I 





OB 
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wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R p represents nihil when b 2 
represents an additional bond and hydrogen, when b 2 represents nihil, R 6 represents nihil when 
10 b 1 represents an additional bond and hydrogen when b 1 represents nihil, R 6 represents R 6 ® and 
R° represents hydrogen when b l and b 2 each represents nihil, wherein R 6a is described below. 
Preferably R 6 represents R 6 \ R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R a — R 5 * represents a group of the formula: 
15 CHN(R n )CO, CHN(R n )(CHi)JM(R lu )CO or CHN(R u )CO(CH2XN(R 1,a )CQ when b 3 
represents an additional bond, and R* is R and R 5 * is R 5 when b 3 represents nihil, wherein z is 0, 
1, 2, 3 or 4 and R, R 5 , R 11 and R lu are described below. Preferably R*— R 5a represents 
CHNHCO; 
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b 4 represents nihil or an additional bond, R b — R^ represents a group of the formula: 



CHN(R n )CO, CHNCR'^XCHz^CR^^CO or CHN(R w )CO(CHa)iJ^(R" a )CO when b 4 
represents an additional bond, and R b is R and R 56 is R 5 when b 4 represents nihil, wherein p is 0, 
1, 2, 3 or 4 and R, R s R 11 and R lu are described below; 
5 b 5 , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R°" represents hydrogen and R 4 represents R or a group of the formula: 
(CHi^CONCR^OTCCHaOH) (CKb^CR'^CKCCJBbOEO when b s and b 7 represent nM and b 6 
represents an additional bond. R?* represents nihil, R d — Y represents a group of the formula: 
CHN=C(NR")0 or CHNHCON(R n ) when b 6 represents nihil and b s represents an additional 
• 10 bond. Y and R°* each represents a hydrogen and R 4 represents group of the formula: 
(CH 2 ),CON(R u )CH(CHsOH) (CH 2 )<iN<R 12 )CH(CH^OH) when b 5 , b tf and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R, R u and R 12 are described below; 
nisO, 1,2 or 3; 

X 1 , X 2 , X 3 , X*, X s , X 7 and X* are each independently selected from hydrogen, halogen and X s , 
15 wherein X 6 is denned below. Preferably X 1 , X?, X 3 , X 4 , X s , X 7 and X* are each independently 
selected from hydrogea and CI; 

X* is selected from the group comprising hydrogen, halogen, SOM, OH, "NO, NO2, NHN%, 
NHN— CHR 11 , N=NR n , CHR U R 13 , CH 2 N(R 3 )R U , R 5 , R u and R 13 , wherein R 3 is CEfe attached 
to phenolic hydroayl group of the 7 th amino acid, R 5 , R u and R 13 are defined below. Preferably 
20 X^isCHoK 13 ; 

X* is selected from hydrogen and methyl; 

R° represents R and R* 5 represents R s , wherein R and R 5 are defined below; 

R is selected from CUR 13 and R 14 , wherein R 13 and R 14 are denned below. Preferably R is 

CHR 13 ; 

25 R l is selected from hydrogen and R u , wherein R 11 is defined below. Preferably R l is 
(CH^COOH, (CBbXCONR 1 ^ 12 , (CH?),COR w , (CH 2 )tCOOR n , COR* 5 , (CH 2 ) t OH, (CH&CN, 
(CHa)^. 13 , (CH^SCEfe, (CH^SOCJfe, (CHa)tS(0)2C%, (CHz^hetiylOw-OH, p-d), 
(CH2)tphenyl(o-X 7 , «i-OR ,Q , p-X^HO-phenylCo-OR 9 , m-X\ m-K t6 y\-m, where t is O, 1, 2, 3 or 
4. R, X 7 X*. X 9 are defined above. R", R w , R w , R» 5 and R ,fi are defined below; 

30 R 2 and R* are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
caibohydrate. Preferably Sug is mannosyl or O-acetylmannosyl. R 12 and R* 7 are defined below; 
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R 5 is selected from COOH, COOR u , COR 13 , COR* 5 , CHbOH, CHahalogen, CH2R* 3 , CHO, 
CH=NOR*\ GH=NNR n R w and C=NNHCONR u R w , wherein R u , R w , R 13 and R* 5 are defined 
below; 

R** is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O^Sug, wherein Sug is any cyclic or 
5 acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, A-ept- 
vancosaminyl, 3-cpj-vancosaminyI, vancosaminyl, actinosaminyl, glucuronyl, 4- 
oxovaacttsaminyl, ureido-4-o&oYaacosa0nflyl and their derivatives with functional groups such 
as for example, amino, carboxy, hydroxy and oxo» Typical carbohydrate derivatives 
comprising NR n R 12 , N^R^R 11 ^. 11 *, COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR n , 
■ 10 CHNHOR 11 , C=NNR U R 12 and C=NNHCQNR t! R 12 derivatives, wherein R u , K n \ R llb , R 12 , 
R n , R 15 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, rnannosyl, ristosaminyl, N-acylglucosairdnyl, N- 
acylglucuronyl^ glucosaxninyl, glucuronyl 4-ep/-vancosaminyl > 3-epi-vancosaminyl, 
15 vancosaminyl, actinosaminyl, acosaminyl, ghicosyi-vancosaminyl, glucosyl-4-ep/- 
vancosaminyl, glucosyl-3-epi-vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosaminyl, 
g!ucosyl-actinosaminyl 7 glucosyl-rhanmosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4- 
oxovancosaminyl, gluco&yl-uxeido-4-oxovancosamuiyl, glucosyl(rhamnosyl)-mannosyl- 
arabinosyl, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, 
20 amino, carboxy, hydroxy and oxo. Ty^ca! carbohydrate derivatives comprising NR ll R ia , 
N^ lI R m R Ub , COOR u , COR 13 , COR 15 , O-R 12 , O-R 17 , C-NOR 11 , CHNHOR 11 , 0=NNR n R 12 
and C=NNHCONR u R w derivative*, wherein R u , K n \ R Ub , R u , R 13 , R 1S and R n are defined 



R 8 is selected from hydrogen, R I2 5 R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
25 or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 
galactosyl; 

R 9 is selected from hydrogen, R n , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate- Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined 
below; 

30 R 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is rnannosyl or fucosyl R 12 and R 17 are defined below; 
R u , R 11 * and R llb are each independently selected from the group consisting of hydrogen, alkyl, 
aryl, heteroaryL, cyloaEkyl, heterocycloalkyl; 



below; 
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R 12 and R l2tt are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heterocydoalkyl, heteroaryl, acyl, ammo-protecting group, carbamoyl, 
thiocarbamoyl, SO* 11 , S(OJR 11 , COR^-R 18 , COCBR ,B N(NO)R n , COCHR l8 NR u R 12 and 
COCHR ,8 N + R ll R ,1,l R 111 \ wherein R u , R lla and R lft axe defined above, R 13 and R 18 are defined 
below. Preferably R 12 * is Hydrogen, COCHR ,8 NR ll R 12 , COCHR 1? N(NO)R n , 
COCHR ,8 N 4 R"R lla R 1Ib and COCHR l8 R 13 ; 

R" is selected from the group consisting of hydrogen, NHR ,2 % NR 1 ^ 12 , m. n Sug, 
N 4 R n R 1, *R lw , R IS , £rjEl u C(R 11 *R nb )COR 15 and group of the formula: 
N-A- 1ST- A 

wherein A is -CHj-B-Ofc- and B is KCH^WD-CCHi),-, wherein m and r are from 1 to 4 and T> 
is O, S, m 13 , N*R n R lu , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R 1U and R 
are defined above; 

R 14 is CHb, C=0, CHOH, 0=NOR u , CHNHOR 11 , 0=NNR u R 12 , C=NNHCONR ll R 12 and 
CHNHNR n R 12 , wherein R 11 and R 12 are defined above; 

R 15 is selected from N<R n )TSrR" & R 12 , N(R n )OR lu , NR n C(R ll4 R llb )COR 13 , wherein R»\ R»', 
R ub , R 12 and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 or CHCNH 2 )CH20H; 

R 17 is selected from SO,H, SiR"R lls R ll \ SiORWQR 1 * PR 1 '^ 1 *, P(Q)R"R iu , 
P+ R ll R Ua R ub , wherein R n , R Ua and R Ub are defined above; 

o 0 r»w ;- r- ,\-om hydrogen r <" A - " . ' ■ — •' fcnxiev - .. • ■.: •••• . *•» 

CH2CH(CH 3 ) 2 , phenylf>OH, w-CI), pheoyl-rliamnose-p, phenyl-Crhanmose-galactose)-/?, 
phenyl-(galactose-galactose>p.phenyl-0-memylrhamnose-^; 

or a pharmaceutical^ acceptable salt thereof, for the preparation of a medicament for 
25 preventing or treating viral infections. 

Each compound of the present invention may be a pure stereoisomer coupled at each of its 
chiral centers or it may be inverted at one or more of its chiral centers. It may be a single 
stereoisomer or a mixture of two or more stereoisomers. If it is a mixture, the ratio may or may 
30 not be equimolar. Preferably the compound is a single stereoisomer. Preferably the 
stereochemistry of the peptide core of the compound coraainrag six amino acids (2-7) is 2(R), 
3(S), 4CK), SCR), 60S) and 7(5). 
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Yet another preferred embodiment of present invention are compounds of the formula I, II and 
nr. 

Formula I 




Formula H 





OR 




Formula III 



10 



R*0 
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•wherein. 

b 1 and b z each independently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen when b 2 represents nihil, R* represents nihil when 
5 b 1 represents an additional bond and hydrogen when b' represents nihil, R 6 represents R** and 
R° represents hydrogen when b» and b 2 each represents nihil, wherein R** is described below. 
Preferably R e represents R*\ R° represents hydrogen and b l and b* each represents nihil; 

b 3 represents nihil or an additional bond, R'-R 3 * represents a group of the formula: 
10 CHN<R u )CO. CHN(R 11 XCH :J ),N(R lu )CO or CHN(R 11 )CO(CH 2 ),N(R ,1> )CO when b 3 
represents an additional bond, and R a is R and R 3a is R 5 when b 3 represents nihil, wherein z is 0, 
1, 2, 3 or 4 and R, R 5 , R u and R lu are described below. Preferably R a ~R 5i represents 
CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5b represents a group of the formula: 
15 CHN(R l, )CO, CKN(R l ! )(CHb)zN(R. lla )CO or CHN^^OCCHa^^^CQ when b 4 
represents an additional bond, and R b is R and R 3 " is R 5 when b 4 represents nihil, wherein p is 0, 
1, 2, 3 or 4 ta\d R, R 5 R 11 and R m are described below; 

b 3 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R te represents hydrogen and R d represents R or a group of the formula: 

20 (CH 2 ) q CONCR u )Cl-i(CH 2 OH) (C^N^^CHCCHiOIi) when b 3 and b 7 represent nihil and b 6 
represents an additional bond. R 0ft represents nihil, R 4 — Y represents a group of the formula: 
CHN«CCNR u )0 or CHNHCON(R u ) when b 6 represents nihil and b s represents an additional 
bond. Y and R 0a each represents a hydrogen and R 4 represents group of the formula: 
(^..CONCR'^CHCCH^H) (CH 3 )«^(R lz )CH(CH 2 OH) when b s , b 6 and b 7 each represents 

25 nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R 12 are described below; 
nisO, 1,2 or 3; 

X 1 X 2 , X 3 , X 4 , X s , X 7 and X* are each independently selected from hydrogen, halogen and X s , 
wherein X* is defined below. Preferably X\ X 2 , X 3 , X 4 , X 5 , X 7 and X* are each independently 
selected from hydrogen and CI; 
30 X s is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, NQ2, NHNHa, 
NHN-CHR 11 , N=NR X1 , CHSL u K a , CB^NCR 3 )^ 1 , R 5 , R u and R*. wherein R 3 is CHa attached 
to phenolic hydroxyl group of the 7* aniino acid, R 5 , R 11 and R 13 are defined below. Preferably 
X^isCHzR 13 ; 
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X* is selected from hydrogen and methyl; 

R° represents R and R 5 ° represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is 

CHR 13 ; 

5 R l is selected from hydrogen and R u , wherein R 11 is defined below. Preferably R 1 is 
(CH^COOH, (CH^CONR 1 ^ 12 , (CH&COR 13 , (CHa^COOR 11 , COR 15 , (CH 2 )tOH, (CH 2 )iCN, 
(Clfc)tR w , (CH 2 )tSCH3, (CH 2 )tSOCH3, (CHaXSCO^CHa, (CH^phenylfrr-OH, p-CJ), 
(CHa)tphenyl(o-X 7 , w-OR 10 , p-X^-CO-phenylCo-OR 9 , m-X? f m-R 16 )]-m, where t is 0, 1, Z, 3 or 
4. R, X 7 , X s , X 9 are defined above. R 11 , R 12 , R 13 , R 15 and R 1 * are defined below; 

10 R 2 and R 4 are each independently selected from hydrogen, R 11 and R" wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or O-acetylmannosyl. R 12 and R 17 are defined below; 
R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH2OH, Cffehalogeu, CHbR 13 , CHO, 
15 CH=NOR", CH=NNR U R 12 and C=KNHCONR w R 12 , wherein R u , R 1 * R 13 and R 15 are defined 



R 5 * is selected from OR 12 , OR 17 , OH, O-alkyi-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglncosaminyl, A-epi- 
vancosaminyl, 3-epi-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyl, 4- 

20 oxovancosaminyl, ureido-4-oxovancosaminyl and their derivatives with functional groups such 
as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR U R 12 , N + R tl R m R ,11 \ COOR 11 , COR 13 , COR 15 , O-R 13 , 0-R 17 , C=NOR u , 
CHNHOR 11 , C=NNR"R 12 and C-NNHCONR n R 12 derivatives, wherein R 11 , R 1U , R ,Ib , R 12 , 
R 13 , R 15 and R 17 are defined below; 

25 R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosaminyl, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4^/^vancosaminyJ, 3-ep/-vancosaminyl, 
vancosaminyl, actinosaminyl, acosaminyl, glucosyl-vancosamlnyl, glucosyl-4-e/rf- 
vancosaminyl, glucosyl-3 -^/-vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosaminyl, 

30 glucosyl-actinosamlnyl, glucosyl-rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4- 
oxovancosaminyl, glucosyl-nreido^-oxovancosaminyl, glucosyl(rhamnosyl)-mannosyl- 
arabinosyl, glucosyl-2-O-Leu and their derivatives with as functional groups, for example, 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising NR U R 12 , 



below; 
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N*R u R ,u R Ub COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR u , CHNHOR 11 , C=NNR ll R U 
and CHNNHCONR n R 12 derivatives, herein R», R»% R Ub , R w . R". *" «" defined 

below; 

R' is selected from hydrogen, R ,2 ? R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 
galactosyi; 

K 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R w and R* 7 are defined 
below; 

R» is selected from hydrogen, R» R* 7 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or fucosyl. R 1Z and R 17 are defined below; 

R» R IU andR in> are each independently selected from the group consisting of hydrogen, aifcyl, 

aryl, heteroaryl, cyloalkyl, heterooycloalkyl; 

R 12 and R 12 * are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heterocydoalkyl, heteroaryl acyl, ammo-protecting group, carbamoyl, 
tbiocarbamoyl, SO*?\ S(0>R", COR^-R 18 , COCHR 18 NCNO)R", C0CHR 18 NR"R 12 and 

COCHR 18 N 4 R u R Ull R in \ wherein R". R n * and R 1 n ^ defined above, R» and R ,? are defined 
below. Preferably R 12a is hydrogen, CGCHR^R 12 , OOCmW, 
COCm 18 N^ u R Ua R 1,b andCOCHR 18 R 13 ; ^ ^ ^ n 

R 13 is selected from the group consisting of bydrogen, NHR 12 *, WR u R t2 , WR Sug, 
H*R u R n "R u \ R 15 , l-tR u C(R lu R ub )COR 15 and group of the formula: 
TSF- A- 1ST- A 

wherein A is -CH a -B-CH 2 - and B is -(CH 2 ) m -D-(CH 2 )r, wherein m and r are from I to 4 and P 
is O, S, NR. 12 , N*R ll R lla , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R 11 * and R 
25 are defined above; 

R" is CH* C-O, CHOH, C-NOR 11 , CHNHOR 11 , C-NNR»R W , C=NNHCONR R and 
CHNHNRW 2 , wherein R u and R u are defined above; 

R" is selected from NC& n )NR llft R W , N(R U )OR 1,a , NR»C(R w ^^)COR 13 , wherein R'\ R lla , 
R 11 * R 12 and R u are defined above; 
30 R w is selected from group of the formula: R-R 5 or CHCNHOCHzOH; 

R" is selected from SO,H, SiR»R^R lrt , SiOR"OR»"OR» b , PR»R lta , P(0)R»R»», 
P + R ,l R l,a R llb , wherein R n , R lln and R Ub are defined above; 



20 
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R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 18 is CH3, 
CIfcCH(CH3)2» phenyifr-OH, tti-CI), phenyl-rhamnose^p, phenyKrhamnose-galactose)-;?, 
phenyl-(galactose-galactose)~p, phenyl-O-methylrhamnose-/?; 

5 or a pharmaceutically acceptable salt thereof, for use in a treatment or preventive treatment of 
HIV infection, or of AIDS or of AIDS related complex. 



10 Yet another preferred embodiment of present invention is the use of compounds of the formula 
I, II and HI 

Formula I 





Formula III 




wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen -when b 2 represents nihil, R 6 represents nihil when 
5 b 1 represents an additional bond and hydrogen when b 1 represents nihil, R* represents R** and 
R° represents hydrogen when b 1 and b 2 each represents nihil, wherehx R 6a is described below, 
Preferably R s represents R 6 % R° represents hydrogen and b l and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R a — R 5a represents a group of the formula: 
10 CHN(R u )CO, CHN(R n )(CH 2 >NCR 1U )CO or CHNCR'^COCCBa^NCR^'^CO when b 3 
represents an additional bond, and R a is R and R 5a is R 5 when b 3 represents nihil, whsaeJa z. is 0, 
1, 2, 3 or 4 and R, R 5 , R u and R 1U are described below. Preferably R a — R 5a represents 
CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5 * represents a group of the formula: 
15 CHN(R u )CO, CHNCR u )(CH 2 )J^(R u *)CO or CHN(R u )CO(CKb) p N(R ,3a )CO when b 4 
represents an additional bond, andR b is R and R* b is R 5 when b 4 represents nihil, wherein p is 0, 
1, 2, 3 or 4 and R, R 5 R u and R u * are described below; 

b s , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R 0a represents hydrogen and R d represents R or a, group of the formula; 
20 (CH 2 ) tl CON(R n )CH(CH 2 OH) (CM 2 )^(K l ^CJ^CH 2 OiS) when b 5 and b 7 represent nihil and b 6 
represents an additional bond. R°" represents nihil, R d — Y represents a group of the formula: 
CHN=C(NR ll )0 or CHNHCON(R 11 ) when b 6 represents nihil and b* represents an additional 
bond. Y and R°* each represents a hydrogen and R a represents group of the formula: 
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(^^CONOl'^CHCCHsOH) <CH 2 )^<R 12 )CH(C%OH) when b 5 , b 6 and b 7 each represents 
nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R n are described below, 
n is 0, 1, 2 or 3; 

X 1 , X 3 , X?, X*, X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X s , 
5 wherein X 5 is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently 
selected from hydrogen and CI; 

X* is selected from the group comprising hydrogen, halogen, SO3H, OH. NO. NO2, NBNH2, 
WHN-CHR U , N-NR", CHR»R* CH^CrV 1 , R S , R" and R 13 , wherein R 3 is CH 2 attached 
to phenolic hydroxy! group of the 7 th amino acid, R 5 , R u and R 13 are defined below. Preferably 
10 X^isCHaR 13 ; 

X 8 js selected from hydrogen and methyl; 

R c represents R and R 5 * represents R 5 , wherein R and R 5 are defined below; 

R is selected from CUR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is 

CHR 13 ; 

15 R 1 is selected from hydrogen and R 11 , wherein R 11 is defined below. Preferably R 1 is 
(CHiKOOH, (CH^COKE^R' 2 , (CHs^COR 13 , (CH2>COOR n , COR 15 , (CH^OH, (CH^CN, 
(CH2>R 13 f (CH 2 )tSCH3, (CH 2 ),SOCH,, (CH^.S^CHi,, (CH^Xphenyl^-OH, p-CI), 
(CH»)tphenyl(o-X 7 , m-OR 10 , p-X 5 )-tO-phenyl(c»-OR 9 , /»-X*, ro-R xe )]-/*, where t is O, 1, 2, 3 or . 
4, R, X 7 , X 8 , X 9 are defined above: R 11 , R w , R 13 , R ls and R M are defined below; 

20 R 2 and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R' 7 are 
defined below; 

R 3 is selected from hydrogen, R", R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or O-acetylmannosyl. R w and R 17 are defined below; 
R 5 is selected from COOH, COOR", COR 13 , COR 15 , ClfcOH, CH 2 halogen, CH2R 13 , CHO, 
25 CH=NOR", CH=NNR U R 12 and C=NNHCONR 11 R 12 , wherein R u , R K , R 13 and R 15 are defined 
below; 

R € * is selected from OR 12 , OR 17 OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyi, ristosaminyl, N-acetylglucosaminyl, 4-epi- 
vancosaminyl, 3-epr-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyl, 4- 
30 oxovancosaminyl, ureido-4-oxovancosaminyl and their derivatives with functional groups such 
as, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR"R 12 nVr'^R 11 *, COOR 11 , COR 13 , COR u , O-R 12 , O-R 17 , C=NOR u , 
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CHNHOR 11 , C=HNR ll R 12 and C— NNHCONR 1 l R 12 derivatives, wherein R l \ R , R Ub , R 12 , 
R 13 , R 15 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, marmosyl, ristosaminyl, N-acylgiucosaminyl, N- 
acylglucuronyl, glucosarainyi, giucuronyl, 4-epi-vancosaiainyI, 3-e;?iWancosaminyi, 
vancosaminyL, actinosaminyl, acosaminyl, glucosyl-vancosaminyl, glucosyl~4-epi- 
vancosaminyl, glucosyl-3-e/N-vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosamiayl, 
glucosyl-actinosaminyl, glucosyl-rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4- 
oxovancosarainyl, glucosyl-ureido-4-oxovancosaminyl, gtucosyl(rhanrao syl)-mannosyl- 
arabinosyl, glucosyl-2-O-Leu and their derivatives with functional groups such as. fox example, 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R", 
N*R 11 R llB R in \ COOR 11 , COR 13 , COR 15 , O* 12 , O-R 17 , C=NOR u , CHNHOR u , C=NNR U R 12 
and C=NNHCQNR U R 1Z derivatives, wherein R", R 1U , R Ub , R l2 » R 13 , R 15 and R 17 are defined 
below; 

15 R 8 is selected from hydrogen, R 12 , R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl- 

galactosyl; : 

R ? is selected from hydrogen, R 12 , R 17 or Sug ■ wherein Sug is any cyclic or acyclic • 
carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl R 12 and R" are defined 
20 below; 

R w is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or fUcosyl. R w and R 17 are defined below; 
R x \ R Ua and R ub are each independently selected from the group consisting of hydrogen, alkyl, 
aryl, heteroaryl, cyloalkyl, heterocycloalkyl; 

25 R 12 and R 12 * are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryl, heterocycloalkyl, heteroaryl, acyl, amino-protectmg group, carbamoyl, 
thiocarbamoyl, S^R 1 ', SfPfi", COR 19 -R 18 , COCHR 18 N(NO)R 11 , COCHR^NR 11 ^ 2 and 
COCHR ls N*R n R llB R nfc , wherein R u , R 11 " and R llb are defined above, R 13 and R 1 * are defined 
below. Preferably R m is hydrogen, COCHR'^NR 1 '^ 2 , COCHR 18 N(NO)R U , 

30 <X)CHR 18 N + R n R u 'R ,lb andCOCHR 18 R 13 ; 

R 13 is selected from the group consisting of hydrogen, "NHR 12 *, NR 1 ^, NR n Sug, 
N*R n R lu R ub , R 15 , NR^CCR'^R^COR^and group of the formula: 
N-A- N*- A 
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wherein A is -CH2-B-CH2- and B is -{CHaVD^CifcV, wherein m and r are from 1 to 4 and D 
is O, S, NR W , N*R U R ,U , wherein Sug is any cyclic or acyclic carbohydrate, R l \ R 11 * and R 12 
are defined above; 

R 14 is CH 2 , OO, CHOH, C^TSTOR 1 *, CHNHOR 11 , C=NNR u R w , C=NNHCONR x, R n and 
5 CIINI-INR 1 *R 12 , wherein R n and R 12 axe defined above; 

R 15 is selected from N(R n )NR lu R 12 , N(R n )OR lu , m u CCR na R H *)COR 13 , wherein R» R u \ 
R ll \ R w and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 , CH(NH 2 )CH 2 OH or CH ; 
R 17 is selected from SO3H, SiR n R u *R nb , SiOR^OR^OR 11 *, PR u R Ua , P(0)R u R Ua , 
10 F^R^R 11 *, wherein R ll t R lla and R m are defined above; 

R IB is selected from hydrogen and R 1 , wherein R 1 is defined .above. Preferably R 1 * is CH3, 
CH2CH(CH 3 ) 2 , phenyl(p-OH, w-CI), phenyl-rlmmnose-^ phenyKrhamnose-galactosc)-p, 
phenyHgalactose-galactose)-^ phenyl-O-mOthySbrhanmose-iP; 

15 for the preparation of a medicament for preventing infection of HIV, or treating infection by 
HIV or for treating AIDS or AIDS related complex. . 

Each compound of the present invention may be a pure ttereoi.soro.er coupled at each of its 
chiral centers or it may be inverted at one or more of its chiral centers* It may be a single 
20 stereoisomer or a mixture of two or more stereoisomers. If it is a mixture the ratio may or may 
not be equimolar. Preferably the compound is a single stereoisomer. Preferably the 
stereochemistry of the peptide core of the compound containing six amino acids (2-7) is 2(R), 



25 The above mentioned compounds may be engineered to be less active or inactive antibacterials 
at therapeutically effective antiviral doses and it also has been demonstrated by this invention 
that they can be engineered to have no mammalian cell toxicity at therapeutically effective 
antiviral doses. Yet another preferred embodiment of present invention includes thus the use in 
a prophylactic treatment or therapeutic treatment or the use to tnanufiicture a medicament to 

30 treat therapeutically or prophylacticly a viral infection with vancomycin derivatives, 
eremomycin dervatives, eremomycin aglycon derivatives, Des-(N-methyl -D-leucyl)-ermychx 
aglycon, DMDA40, DA40, DA40 derivatives, DMDA40 derivatives, teicoplanin aglycon 
derivatives, modified products of teicoplanin aglycon degradation or other structurally related 



3(5), 4(R), 5(R), 6(5) and 7(5). 
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glycopeptide antibiotics. The compounds are selected for antiviral activity and low nammal.an 
cell toxicity and eventually may be selected as additional property antibacterial inactivity in 
antiviral activity assays such as the anti-HIV assays of present invention, a cytostatic activity 
assay of the state of the art or the cytostatic activity assay on the mammalian cell lines CU210, 
5 Molt4/C8 or CEM) of present invention and additional antibacterial assays of the stale of the 
art. 

Compounds of the present invention for use in a prophylactic treatment or therapeutic treatment 
or the use to manufacture a medicament to treat therapeutically or prophylactically a viral 
10 infection, and preferably a retroviral infection and yet more preferably a HTV infection can be 
selected from the group of compounds 1 to -64 of the examples of this application. 



DESCRIPTION 

15 pefinitions 

As used herein, the term "halogen" refers to CI, Br, I, F. 

The term "alky!" refer, to straight or branched, subslltu^d ur unsubstitnted, saturate or 
unsaturated C-C* hydrocarbon chains without or with suitable beteroatoms. The number and 
position of unsaturated bonds and beteroatoms may be varied. Any heteroaoms may be the 
20 same or different and can, for example, be O, N, S or B. The nature, number and position of 
substituents may be varied. Any substituents may be the same or different and can, for example, 
be halogen, SH, OH, COOH, NO*, KHa, NHC(NH?>=NH, CHCNHO^NH, NHOH, NHNHz, Ns, 

NO, CN, M-NR" N=NR 12 , SOR", SO* 11 , B(OH)„ B^OR 11 ),, CO, CHO, O-Sug, NR. -Sug, 
r» R» R 17 and R 18 , wherein R u , R 12 , R 17 and R 1? are described as above and Sug is any 
25 cyclic or acyclic carbohydrate. Any substituents may themselves be substituted. The position, 

and number of any substituents may be varied. 

The term "cycloalKyr, as used herein, refers to saturated or unsaturated, substituted or 
unsubstituted monocyclic, bicyclic, tricyclic and macrocytic CrC» hydrocarbon chains. The 
30 nature, number and position of substituents may be varied. Any substituents may be the same or 
different and can, for example, be halogen, SH, OH, COOH, NO,, NH, ***KHW 
CH(NH^NH, NHOH, NHNH,, N* NO, CN, N=NR» N=NR«, SOR , ^BOfe 
B(OR%,CO,CHO,O.Sug,NR^Sug,K ll ,R 12 , R 17 and R 1S , wherein R , R , R and R 
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are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may 
themselves be substituted. The position, and number of any substituents may be varied. Typical 
cycloalkyls include cyclopcopyl, cyclobutyl, cyclopentenyl, cyclopentyl, cyclohexyl, 
cydohercenyl, cycloheptyl, cyciododecyl, bicylcopentyi, bicyclohexyl, WcyclolxeptyJ, 
5 adamantyl, boxnyl, norbornyl and the like. 

The term "heterocycloalkyl", as used herein, refers to saturated or unsaturated, substituted or 
unsubstituted monocyclic, bicyclic, tricyclic and macrocyclic Qi-Qw hydrocarbon chains with 
suitable heteroatoms selected from S, O, N or B. The nature, number and position of 



• 10 substituents may be varied. Any substituents may be the same or different and can, for example, 
be halogen, SH, OH, COOH, N0 2 , TSfHi, NHC(NH3>=NH, CH(H%>=Na, NHOH, NHNH*, Na, 



R u , R n , R 17 and R 18 , wherein R n , R 12 , R 17 and R 1 * are described as above and Sug is any 
cyclic or acyclic carbohydrate. Any substituentB may themselves be substituted. The position, 
15 and number of any substituents may be varied. Typical heterocycloalkyls include piperazinyl, 
piperidinyl, morpholinyl, quinuclidinyl, borabicyclononyl, crown ethers, azacrowns, thiacrowns 

and the like. 

The tenn "aryj", as used herein, refers to a stable, saturated or unsaturated, substituted or 
20 unsubstituted, C$ membered organic monocyclic ring; a stable, saturated or unsaturated, 
substituted or unsubstituted, C?-Cjto membered organic fused bicyclic ring; a stable, saturated or 
unsaturated, substituted or unsubstituted, C12-C14 membered organic fused tricyclic ring; or a 
stable, saturated or unsaturated, substituted or unsubstituted, C14-C16 membered organic fused 
tetracyclic ring. Preferably the aryl is substituted by one or more moieties independently 



25 selected from the group comprising hydrogen, halogen,, SH, OB» COOH, NO*, NEfe, 
NHC(NHii)-NH, CH(NH 2 )HNH, NHOH, NHNH 2 , N 3 , NO, CN, N=NR U , N=NR n , SOR n , 
SO;*. 11 , B(OHb, B(OR H ) 2 , CO, CHO, O-Sug, NR XI -Sug, R n , R w , R* 7 and R* s , wherein R n , 
R 12 , R 17 and R 18 are described as above and Sug is any cyclic or acyclic carbohydrate. Any 



30 be varied. Typical aryls include phenyl, biphenyl, triphenyl, naphtyl, fluoraxyl, phenantbreoyl 
and the like. 



NO, CN, N-NR 11 , N=NR U , SOR xl , S0 2 R n , 



B(OH) 2 , B(OR n ) 2 , CO, CHO, O-Sug, NR n -Sug, 



substituents may themselves be substituted. The position, and number of any substituents may 
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The term "heteroaryF, as used herein, refers to a stable, saturated or unsaturated, substituted or 
unsubstituted, C4-C7 membered organic monocyclic ring having a heteroatom selected from S, 
O, and N; a stable, saturated or unsaturated, substituted or unsubstituted, C?-Cio membered 



5 stable, saturated or unsaturated, substituted or unsubstituted, Cu-Cu membered organic fused 
tricyclic ring having one or more heteroatoms selected from S, O, and N. The nitrogen and 
sulfur atoms of tliese rings axe optionally oxidized, and the nitrogen heteroatoms are optionally - 
quarternized. Preferably the aryl is substituted by one or more moieties independently selected 
from the group comprising hydrogen, halogen, SH, OH, COOH, N0 2 , NH 3 , NHC(NH 2 )=NH, 

10 CH(NH 2 HSIH, NHOH, ]^^H3NH 2 , N 3> TSTO, CN, N-lMR", N=m 12 , SOR l \ SOsR 11 , B(OH) 2 , : 
B(QR H )a, CO, CHO, O-Sug, NR n -Sug, R u , K l \ R* 7 and R 15 , wherein R." , R n , R 17 and R 18 
are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may 
themselves be substituted. The position, and number of any substituents may be varied. Typical 
heteroaryis include indolyl, quinolyi, piperidyl, tMenyL, piperonyl, oxafluorenyl, pyridyl and 

15 benzothienyl and the like. 

The term "acyf\ as used herein, refers to group of the formula: -COR 11 , -COOR* 1 or -CSR 11 
wherein R 11 is described above. 

20 The term "carbamoyl", as used herein, .refers to group of the formula: -CONR u R l|a or - 
CONHR 12 wherein R u , R Ua and R w are described above. 

The term "thiocarbamoyl" refers to group of the formula: ^SNHR W or -C + (SR n )NHR X2 7 
wherein R n and R 12 are described above. 
25 The term *amino-protecting group" refers to those groups known in the art to be suitable for 
protecting the amino group during the acylation reaction. Such groups are well recognized, and 
selecting a suitable group for this purpose will be apparent. The tert-butoxycarbonyl (Boc), 
adamantyloxycarbonyl (Adoc), fluorenylmethoxycarbonyi (Fmoc) and carbobenzoxycarbonyl 
(Cbz) groups are examples of suitable amino-protecting groups, 



organic fused bicyclic ring having one or more heteroatoms selected firom S, O, and N; or a 



30 



The term "carbohydrate" refers to any cyclic or acyclic carbohydrate. 
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The terra "glycopeptide antibiotics" refers to the natural glycopeptide antibiotics 
(glycopeptidic molecules produced by microorganisms such as actinomycetes with antibacterial 
activity) such as vancomycin, teicoplanin, eremomycin. DMDA40, DA40, tfieir aglycon 
derivatives and various other structurally related glycopeptide antibiotics and semisynthetic 
5 derivatives. 

Illustrative embodiments of the invention 

The terminology used herein is not intended to limit the scope of the present invention but for 
10 the purpose of describing particular embodiments. This invention is not limited to the particular 
methodology, protocols and reagents described as these may vary. 

The present invention includes a class of natural glycopeptide antibiotics and their derivatives 
and a class of compounds with structural similarity to said natural glycopeptide antibiotics 
which possess antiviral activity such as the anti-retroviral activity of presented examples. The 

15 invention also includes derivatives of glycopeptide antibiotics, which have been structurally 
engineered or modified to decrease or remove completely or partially the antibacterial activity 
while still comprising antiviral activity. The glycopeptide antibiotics are well k&owtt as 
powerful antibacterial agents against a wide variety of gram-positive bacteria and until ftOw 
there is no data available about anti-viral, anti-retroviral or anti-HIV activity of such 

20 compounds- Several natural peptide antibiotics such as complestatins and chloropeptins with 
activity against HTV-1 (K. Matsuzara, H et al XAntibiotics 1994, V.47, N.10. p.U73-H74) 
and kistamycins with activity against influenza virus (N. Naruse, O, et al J. Antibiotics 1993, 
V.46, 1ST. 12, p.1812-1818) have been described. However the structures of these hexa- or 
heptapeptide antibiotics and the structures of glycopeptide antibiotics and of the aglycons of 

25 glycopeptide antibiotics have serious differences in both amino acid sequence and 
stereochemistry. All kystamycins, complestatin and chloropeptins contain a tryptophan moiety 
linked to central amino acid No 4, whereas it is represented by a substituted phenylalanine 
moiety in vancomycin, eremomycin, chlorereraomydn, teicoplanin, DA-40926 and other 
antibacterial glycopeptides. 



30 
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The present invention thus includes the use of selected compounds of the general formula I» H 
and in as an antiviral or to manufacture medicaments to treat or prevent antiviral infection, 
more preferably as a retroviral and more preferably as an anti-HIV and most preferably as an 
antt-HIV-1 or anti-HIV-2 compound. Such compounds can be natural glycopeptide antibiotics, 
5 with structures as for instance disclosed in KLC.Nicolaou, C.N.C et al. Chem. Int: EA 3 1999, 
V.38, p,2096-2152 and B.Cavalleri & F.Parenti. Encyclopedia of Chemical Technology, 1992, 
V.2, p,995^l018. 

The present invention, however, also provides synthetic, semisynthetic or biosynthetic 
derivatives of natural glycopeptide antibiotics of the general formula I, II and IIL These 
10 compounds may be engineered to be inactive as antibacteriais at therapeutic antiviral doses. 

In a further prefeited embodiment of present invention these antiviral compounds can be 
compounds of the formula I, II and III or salts thereof, wherein: 

b 1 and b 2 each independently represents nihil or an additional bond, R? represents nihil when b 2 
15 represents an additional bond and hydrogen when b 2 represents nihil, R? represents nihil when 
b l represents an additional bond and hydrogen when b 1 represents nihil, R* represents R 6a and 

R° represents hydrogen when b* and fc 2 each represents nihil, wherein R* a is described below. 
Preferably R 5 represents R**, R° represents hydrogen and b 1 and b 2 each represents nihil; 

20 Formula I 
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5 

b 3 represents nihil or an additional bond, R a — R 5a represents a group of the formula; 
CHN(R u )CO, CHN(R n )CCIfe)JNr(R ll, DCO or CHN(R ll )CO(CH 2 ) ? NCR lu )CO when b 3 
represents an additional bond, and R n is R and R 5 * is R 5 when b 3 represents nihil, wherein z is 0 3 
10 I, 2, 3 or 4 and R, R 5 , R u and R Ul are described below. Preferably R^R 5 * represents 
CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 3b represents a group of the formula: 
CHN(R u )CO, CHN(R u )(CH2),N(R m )CO or CHN<R u )CO(CH2>pN(R Ila )CO when b 4 
represents an additional bond, and R b is R and R** is R 5 when b 4 represents nihil, wherein p is 0, 
15 1, 2, 3 or 4 and R, R 5 R 11 and R 11 * are described below; 

b 5 , b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, 
R°* represents hydrogen and R d represents R or a group of the formula; 
(CH 2 XCON(R a )CH(CH20H) (CH 2 )^N(R 12 )CH(CH20H) when b 5 and b 7 represent nihil and b* 
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represents an additional bond. R 0a represents nihil, R d — Y represents a group of the formula: 
CHN=C(NR u )0 or CHNHCONCR 11 ) when b fi represents nihil and b 5 represents an additional 
bond. Y and R° 8 each represents a hydrogen and R* represents group of the formula: 
(CH2) q CON(R n )ai(ai 2 OH) (CH 3 ) q NCR 12 )CH(CHaOH) when b 5 , b 6 and b 7 each represents 
5 nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R" are described below; 
nisO, l,2or3; 

X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X 6 , 
wherein X* is defined below. Preferably X 1 , X 3 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently 
selected from hydrogen and CI; 
10 X 6 is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, N0 2 , NHNHa, 
TSJHN=CHR U , N=»NR n , CHR n R", CH&N(R 3 )R l \ R 5 , R n andR 13 , wherein R 3 is CH 2 attached 
to phenolic hydroxyl group of the 7 to amino acid, R 5 , R u and R" are defined below. Preferably 

X? is selected from hydrogen and methyl; 
15 R* represents R and R 5 ° represents R s , wherein R and R s are defined below, 

R is selected from CHR 13 and R 14 , wherein R 13 and R X4 are defined below. Preferably R is 

CHR 13 ; 

R 1 is selected from hydrogen and R u , wherein R u is defined below. Preferably R is 
(CHOtCOOH, (CH^CONR^R 12 , (CH 2 >COR 13 , (CH a )tCOOR n , COR 15 , (CH 2 )tOH, (CH 2 >CN, 
20 (CH ? )iR 13 , (CH 2 >SCH 3 , (CH&JSOGHj, (CH 2 )tS(0) 2 CI-I 3 , (CH 2 )iphenyl(ro-0H» /.'-CD, 
(CHb>phenyl(o-X 7 , ot-OR 10 , ^^-[O-phenyKo-OR 9 . m-X 9 . J»-R 1s )]-/n, where t is 0, 1, 2, 3 or 
4. R, X 7 , X s , X? are defined above. R 1 \ R w , R 13 , R 1S and R X6 are defined below, 
R 2 and R 4 are each independently selected from hydrogen. R 12 awJ R 17 , wherein R 12 and R 17 are 
defined below; 

25 R 3 is selected from hydrogen, R 13 , R 17 or Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or O-acetylmannosyi. R.* 3 and R n are defined below; 
R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH^OH, CHahalogen, CH2R 13 , CHO, 
CH=NOR 11 , CH=NNR 1, R 12 and C=l<!NHCONR ,l R 12 , wherein R u , R 12 , R 13 and R 15 are defined 
below, 

30 R 6 * is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is glucosyl, ristosaminyL N-acetylglucosarainyl, 4-ept- 
vancosaminyl, 3-e/rf-vancosanrinyl, vancosaminyl, actinosaminyU glucuxonyh 4- 
oxovancosammyl, ureido-4^xovancosaminyl and their derivatives with functional groups such 



mmasmsffim mis 
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as, for example, amino, carboy hydroxy and oxo. Typical carbohydrate derivatives 
comprising NR 11 !*. 12 , N + R ll R 1, *R Ub . COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , ONOR 11 , 
CHNHOR 11 , e="NNR l, R 12 and C=NNHCONR n R 12 derivatives, wherein R 11 , R n \ R Ub , R 12 , 
R 13 3 R* 5 and R 17 are defined below; 

5 R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sag is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, maimosyl, ristosaminyl, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaniinyl, glucuronyl, 4-ep/-vancosaminyl 7 3-ep/-vancosaminyl, 
vancosaminyl, actinosaminyl, acosarainyl, glucosyl-vancosaminyl, glucosyl-4-*p/- 
vancosaminyl* glucosyl-3-e/tf-vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosainainyl, 
• 10 glucosyl-actiuosaminyl, glucosyl-rhamnosyl, glucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4- 
oxovancosaminyi, glucosyl-ureida-4-o5Covancosainiayi, glucosyl(rliamuosyl)«mannosyl- 
arabinosyl, glucosyl-2-O-Lcu and their derivatives -with as functional groups, fbr example, " 
amino, carboxy, hydroxy and oxo. Typical carbohydrate derivatives comprising MR n R w , 
N^iiRn^nb COOK n COR 13 , COR 15 , O-R 12 , O-R 17 , CHSTOR 11 , CBNHOR 11 , C-NNR ll R 12 

15 and C=WIHCONR li R 12 derivatives, wherein K l \ R 1U , R llb , R 12 , R 15 , R 15 and R 17 are defined 
below; 

R* is selected from hydrogen, R u , R 17 OHL O-alkyl-Sug and O-Sug, wherein Sug is any cyclic 
or acyclic carbohydrate. Preferably Sug is O-nronnosyl, O-galactosyl and O-galactosyl- 
galactosyl; 

20 is selected Mi hydros n, !« I * L7 or Sug, wherein S»3 j.g any cyclic or acyclic 

carbohydrate. Preferably Sug is galactosyl or galactosyl-galactosyl. R ia an.d R t7 sre defi.ne.il 
below; 

R 10 is selected from hydrogen, R 12 , R 17 or Sug, whereia Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is mannosyl or fucosyl. R ia and R 17 are defined below; 
25 R 11 , R 11 * and R llb are each independently selected from the group consisting of hydrogen, alkyl, 
aryl, heteroaryl, cyloalkyl, heterocycloalk.yl; 

R ia and BP* are each independently selected from the group consisting of hydrogen, alkyl, 
cycloalkyl, aryt, heterocycloalkyl, heteroaryl, acyl, amino-protecttog group, carbamoyl, 
thiocaibamoyl, SO&}\ S(0)R u 7 COR 13 -R w , COCHR^CNO^ 11 , COCHR 1& NR u R 12 and 
30 COGHR l8 N*R il R llll R nb , wherein R l \ R lla and R Ub are defined above, R 13 and R 1 * arc defined 
below. Preferably R 12m is hydrogen, COCHR 1? NR ll R l2 3 COCm^CtfO)R'\ 
COCHR l8 NrR ll R Ufk R llb and COCHR 18 R 13 ; 
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R 15 is selected from the group consisting of hydrogen, NHR^ NR l, R w , NR u Sug, 
N*R n R n 'R u, \ R 15 , NR M C(R u,, R llb )COR ls and group of the formula: 
N- A- TT*- A 

wherein A is -CH 3 -B-CH 2 - and B is -(£Uz%rV-(£lh)r, wherein tn and r are from 1 to 4 and D 
is O, S, NR 12 , N^R 11 *, wherein Sug is any cyclic or acyclic carbohydrate, R u , R 1U and R 12 
are defined above; 

R 14 is CH 2 , C=0, CHOH, C=NOR n , CHNHOR 11 ; C^'R' 5 , C=NNHCOm. n R 12 and 
CENHNR U R 12 , wherein R n and R 12 are defined above; 

R 15 is selected from N(R n )NR u *R 12 , N(R l, )OR m , l^»C<R m R ,lb )COR» wherein R M , R l, \ 
R 1 lb , R 12 and R 13 are defined above; 
R" 5 is selected from group of the formula: R-R s or CEI(NH 2 )CH 2 OH; 

R 17 elected from SO,H, .S&W*, SiQR»OR lu OR l », PR^R 11 ', P(0)R»R» a t 
p+R 1 l R lu R Ub , wherein R 1 1 , R 1 u and R l|b are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R* 8 is Ofe, 
15 CH 2 CH(Clfe)2, phenyKp-OH, w-CI), phenyl-rhamnose-A phenyKrbamnose-galactose)-/?, 
phenyHgalactose-galactose)-/?, phenyl-O-methylrhanmose-p; 

Each compound of the present invention may be a pure stereoisomer coupled at each of its 
chiral centers or it may be inverted at one or more of its chiral centers. It may be a single 
20 stereoisomer or a mixture of two or more stereoisomers. If it is a mixture, the ratio may or may 
not !_,c ;-]uhn.olar. Preferably the compound is"' a single stereoisomer. Preferably the 
stereochemistry of the peptide core of the compound containing six amino acids (2-7) is 2(R), 
3(5), 4(R), 5(K), 6(5) and 7(5). 

25 Yet another embodiment of present invention is the use of one or more compounds of the 
formulas I, II or HI in a pharmaceutical composition to treat or prevent a viral infection, 
preferably retroviral infection and yet more preferably a HTV-l or HTV-2 infection. Thus, one 
or more of the compounds* preferably in the form of a pharmaceutical^ acceptable salt, can be 
formulated for oral or parenteral or topical administration for therapeutic or prophylactic 

30 treatment a viral infection, preferably of retroviral infection and yet more preferably of fflV 
infections. 

For example: the compound can be mixed with pharmaceutical^ acceptable carriers and 
excipients and used in the form of tablets, capsulas, elixirs, suspensions, gels, syrups, wafers 
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and the like. The compositions comprising one or more compounds of the general formula I, II 
or HI or derivatives of these compound will contain from about 0.01 to about 90 % by weight of 
the active compound, and more prefereably from about 10 to about 30 %. The composition may 
contain pharmaceutical acceptable carriers and excipients, such as corn starch, or gelatin, 
5 lactose, sucrose, macrocrystalline cellulose, dicalcium phosphate, sodium rilloride, and algiiiic 
acid. 

For intravenous use, a water soluble form of the compounds of present invention can be 
dissolved in one of the commonly used intravenous fluids or any pharmaceutical^ acceptable 
• 10 fluid for intravenous injection and administered by infusion. Such fluids as, for example, 
physiological saline, Ringer's solution, or % dextrose solution can be used. For intramuscular 
preparation, a sterile formulation of a suitable soluble salt form of the compound, for example a 
hydrochloride salt, can be dissolved and administered in a pharmaceutical diluent such as 
pyxogen-free water (distilled), physiological salixxe or 5 % glucose solution, A suitable insoluble 
15 form of the compound may be prepared and administered as a suspension in an adequate base 
or a pharmacologically acceptable oil base, for example, an ester of a long chain fatty acid such 
as ethyl oleate. For topical (i.e. mtravaginal) use, a sterile formulation of n suitable form of the 
compound can be incorporated in a gel or a cream or alike. 
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Examples 

Scheme 1. Vancomycin and eremomycin derivatives 




HO — f 7 



OH 



Code 
no. 


X 


Y 


Z ' " 


Brutto formula 


MW 

Calc. 




Vancomycin derivatives W=CI, Si=Giu» Sa=vaacosanHtte, S 3 -*t 




1 


CHaNCCHaCHjiJi 
NBaBu-p 


OH 
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1694 


2 


H 






C«H[)9?Nii0aCl 2 


1673 




Eremomycin 


derivatives W=H, Si 5 


=d«, Sa^a^remosamine 




3 


CHaNHB«Bu-p 


NJWMe 


H 


C^HiosNizO^Cl 


1727 


4 






H 


C 94 Ht36Ni 4 0 2 jCl 


1895 . 


S 


CH2N[CHaCHJ 2 
NBnBu-p 


NHMe 


H 




1813 




Eremomycin aglycon derivatives W=Si=Si=S3-M 




6 1 


CH2N[CH 2 CHbl2 
NBtiPh-p 


OH 


H 


C^HtsNwOjtCI 


1374 
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7 


CHaNCCHjCHtJjNB 
nPh-p 


NHMe 


Boc 




1487 


8 


nPh-p 


NHMe 


H 




1387 


9 


H 


NHCH^CAdam-l) 


H 


C $i H7<jN?Oi«Cl 


1255 


10 


H 


NHBn-F-p 


H 




1215 


11 


H 


perliydioiso-quinol- 
1-yl 


H 


CezHasNpOttfCl 


1229 


12 


H 


N(CeH,i)CONH- 
C*Hu 


H 




1314 




Code 
no. 


X 


Y 


Z 


Bnrtto formula 


MW 
Calc. 


l>es-<N -raethyl-D-leucyl)-eremomyciQ agly con (hexapeptide) W^Si^Si^a^H 


13 


CWaNHAdam 




H 


CsgHa^IaOisCl 


1143 


14 


H 


H 


D-Tip 


CstHs^sOitCI 


1167 
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Scheme 2. N-deacyl-A40926 (DA40), demamiosyl-N-deacylA40926 (DMDA40) and their 

derivatives. 
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p-BuBn 
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18 
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H 
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Scheme 3. Teicoplanin aglycon derivatives. 
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1407 


24 
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C7zH B tfNt<|Ot7Cl2 


1497 


28 


H 


NH(CH2) 4 CH(NH 3 )CO 
NHCkHm 




C74H78N 10O1 rCIj 


1466 
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29 


CHjNHCioHai 


NHMe 


COLys 


CrsHsaNuOjsCla 


1509 


30 


M 


NtCHsCHJiN-Z- 
naphtyl 


H 


Cl3HaiN90l7Clz 


1407 


31 


H 


NH(CH 3 )«CH 
(NHBnOBu-p) 
CONH(CH 2 )3NMe 2 


H 


CifiHasNnOwClj 


1636 


32 


H 




H 


C73H7BN9O \ 7CI2 


1424 


33 


CHiNICHzCHJjNBoPh-p 


N^CH^NMCz 


H 


C S ,H77N„0„C1 2 


1547 


34 


CH^tCHaCHJzNBiiPh-p 


NH(CH 2 ) 3 N + Me 3 


H 


CsJtigoN 1 iO ] 7CU 


1562 


35 


CHaNfCHaCHJ^NBnBu-p 


NH(CH 2 ) 3 NMe 2 


H 


CTOH8lNllOnCl 2 


1527 


36 


CHaNtCHaOHyjNBnBu-p 


NHMe 


H 


C75H72N,o0 17 Cl3 


1456 


37 


H 


NH(CH2) 3 NMe 2 




C74H79NPO J 7CI2 


1437 


38 




OH 


H 


C74H,oNsOjaCl 2 


1454 


39 


CH 2 UH(CHi) 3 N* Me&Ci^ 


NH(CH2)3NMe 2 


H 


C7sH92NllO]7Cl 2 


1538 


40 


CHzNHCCHOjN* MejCjoHat 


NHMe 


H 


C7jHasN iqO ] 7CI2 


1467 


4 * 


CH 2 NH(CIi)3N* MeiC,oH 21 


NH(CH 2 ) a OH 


H 


GygHgsNtoOjgCla 


1497 


42 


CH 2 MH(CBb)3N* MeaCfHa 


NHCCHaJsNmeaCwHa 


H 


CjsHi 1 3N 1 1 0 1 7C1 2 


1679 


43 


CHzNHCC^jN* Me 2 C 10 H 3 i 


'NH(CH 2 ) 3 NMe 2 


H 


C75H90N n O i7Cl 2 


1536 


44 




NHXCH^MCjCxoHji 


H 




1677 ■ 


45 


H 


NICHsCHjIjNCO 
C ? H )9 


H 




1448 


46 


H 


NHCCHz^Nft, 


H 


CsJHj^sOnCli 


1297 


47 


C3HyNH(CH2) 3 N* M«CuHa 


NHCGHWeNHa 


H 


C S oHMNtt0 17 Cl 2 


1552 


48 


H 


NH(CH?)i<JNH 2 


1 H 


Os8Ha7N 9 Oi 7 Cl 2 


1353 


49 


H 


NH(CB 2 ) 3 CO-D-Ala- 
D-AJa 


Boq 


C75H74N 1 oOsjCIj 


1554 


SO 


CW 2 NHMe 




H 


C 6 iHs 3 N 9 O l 7Cl a 


1255 


Si 


W 


NICHaCHaJsN 
COCHjNHBnBu-p 


H 


C7sH7oN lo O, 8 Cl 2 


1470 


52 


CHjNHBnBu-p 


NHMe 


Boc 


C^HyjNsOwCli 


1487 


53 


CHzNHBnBu-p 


NHMe 


H 


CtjHjsNsOitCIi 


1387 


54 


H 


OH 


Adoc 




1377 


55 


H 


NHAdam 


H 


CwH^jOitCIz 


1332 


56 


CHjNHAdara 


NHMe 


H 


CitffejNsOi-jCli 


1375 
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57 


CH 2 NHAdam 


NHAdam 


H 




1495 


58 


H 


N(CH3)CH(Adam-l) 


H 


CtoHiwNiAtCU 


1359 


59 


H 


NHBn-F-p 


H 


C 65 H 3 ,N a O,7FCl a 


1304 


60 


H 


NHCH 2 (Adam-l) 


H 




1344 


« 


H 




M 


C7|M67N s O, 4 Cli 


1403 



5 



10 




Scheme 4. Modified products of teicoplanin aglycon degradation 

15 

Compound 62. X^CH 2 NHAdain,Y = Boc;C ffI H 6 ^ (S Oi»Cl 2> 1315 
Compound 63. X « CH 2 NHAdatn, Y = H; CraKWCsCb, 12 15 




5 Footnote: Adam = adamant-l-yl. 
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METHODS OF SYNTHESIS 



Method A . Ambiomefltylated derivatives(l, 6, 62, 63, 64) 

To a stirred solution of 0.5 mmol of antibiotic or its degradation product and 4 mraol of an 
appropriate amine in 10 ml of an acetonitrile- water 1 : 1 mixture was added 3 mmol of 37% 
5 aqueous formaldehyde. If a salt of amine was used In NaOH was added to pH 10. The reaction 
mixture was stirred at room temperature for 18 h and then 100 ml of water was added. After 
adjusting the reaction mixture at pH 3 with In HC1, the resulting solution (or suspension) was 
extracted with ??-BuOH (~ 25 mi x 2); the organic layer was washed with water (~ 15 ml x 2) 
and then concentrated at 45 °C in a vacuum to a small volume (-3 ml). On adding ether 100 
10 ml), the precipitated solid was collected and dried in vacuum at room temperature for 4 h. Then 
it was dissolved in a minimal amount of MeOH and applied to a chromatographic column with 
Sephadex LH-20 (2 x 100 cm) preequilibrated with MeOH. The column was developed with 
MeOH at a rate of 10 ml/h, while collecting 5 ml fractions. The suitable fractions were 
combined and concentrated to a small volume (~ 3 ml). After adding ether (~ 100 ml) the 
15 precipitate formed was collected, rinsed with ether and dried in vacuum at room temperature. 
The starting compound for 62 -TSp-Cbz-lS^-Boc^TDTP-Me - was obtained as previously 
described l . Compound 63 was obtained from 62 by the removal of Boc-group in TFA as 
previously described for N^Cbz-Is^-Boc-TDTP-MeV 

1. Malabarba, A.; Ciabatri, R.; Maggmi, M.; Ferrari, P.; Vekey, KL; Colombo, L." Denaro, M. Structural 
20 modifications of the active site in teicoplanin and related glycopeptides.2. Degluctfteicoplanitt-derived 
tetrapeptide, J. Org. Chem. 1996, 61, 2151-2157. 

The starting compound for 64 -N-terminal phenylthiohydantoin-derivative of teicoplanira 
aglycon - was obtained by Edman degradation of teicoplanin aglycon. 

25 Method B. Carboxamides (1, 9, 10, 11, 12, 15, 28, 30, 31, 32, 34, 45, 46, 4$, 51, 55, 58, 5% 
60, 61) 

To a mixture of an antibiotic or its degradation product (0.5 mmol) and 5 mmol of an amine 
hydrochloride dissolved in 5 ml of DMSO were added portion-wise Et 3 N to adjust pH 8.5-9 
and afterwards during 1 hour 1 mmol of PyBOP - reagent (benzotriazioM-yioxy)-tris- 
30 (pyrroJidino) phosphomum-hexafluorophosphate) or HBPyU-reagent (0-(benzotriazol- 1 - 
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yloxy)-N,N,lWM>is(tetra^ hexafluorophosphate). The reaction mixture was 

stirred at room temperature for 3 hours. 

Addition of ether (-100 ml) to the reaction mixture led to an oily residue, which was shaken 
successively with ether (IS ml x 2) and acetone (-15 ml). After addition of 100 nil of acetone a 

5 precipitate of crude amide was collected, dissolved in 50 ml of water aod In NaOH was added 
to pH 9. The resulting solution (or suspension) was extracted with w-BuOH (~ 25 ml x 3); the 
organic layer was washed with water (~ 15 ml x 3) and then concentrated at 45 in vacuum to ■ 
a small volume (-3 ml). On adding ether (~ 100 ml), the precipitated solid was collected and 
dried in a vacuum at room for 4 h. and 100 ml of acetone was added to form the precipitate, ■ 

10 which was collected to give a pure carboxainide. 

Method C. Carboxamides of aminomethylated derivatives (3, 4, 5, 8, 13, 19, 20, 216, 22, 
23, 24, 25, 26, 27, 33, 35, 36, 39, 40, 41, 42, 43, 44, 47, 50, 53, 56, 57) 

These compounds were obtained by the method B starting from the aminometylated derivative* 
15 obtained by the method A. 

Metbod B. N-carbarnoylated derivative. (54) 

To a stirred solution of 0.5 mmol of antibiotic or its degradation product in 15 ml TBF-water 1 : 
1 mixture adjusted to pH 10 with InNaOH 0.55 mmol of adamantyloxycarbonyl chloride was 
added. The reaction mixture was stirred at room temperature for 4 h, then it was diluted with 

20 100 ml of water. After adjusting the reaction mixture at pH 3 with In KCl, the -resulting 
solution (or suspension) was extracted with n-BuOH (~ 25 ml x 2); the organic layer was. 
washed with water (~ 15 ml x 2) and then concentrated at 45 *C in vacuum to a small volume 
(~3 ml). On adding ether (- 100 nd), the precipitated solid was collected and dried in vacuum at 
room temperature for 4 h. 

25 Method E. N-(D-Trp)-(de-N-Me-P-]Leu)eremomyeitt Sgfycort 14 
Compound 14 was obtained previously described. 

2. Miroshnikova, O.V.; Berdnikova, T.F.; Olsufyeva, E.N.; Pavlov, A.Y.; Rezmkova, ML; 
Preobrazhenskaya, M.N.; Ciabatu, R; Malabarba, A.; Colombo, L. A Modification of the N- 
Terminal Amino Acid in the Bremomycin Aglycone. J. Antibiot. 1996, 49> 1157-1161. 
30 Method F. N-carbarooylated derivative of carboxainide (49) 



|D067184:^^^03^0^i8i 
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This compound was obtained by the method D using B0C2O reagent starting from carboxamide 
obtained by the method B. 

Method G. N-carbamoylated derivative of carboxamides of amino methylated derivatives 
(7,29,52) 

5 These compounds were obtained by the method D using B0C2O reagent starting from 
carboxamides of aminomethylated derivatives obtained by the method C. 

Method EL N- or N^'-alkylated derivatives (16, 17, 18, 37) 

To a stirred solution of 0.5 maxol of the starting compound [ethylaminopiperarinamide of 
10 DMDA 40, obtained by the method B for compound 17; 7d-methyl-N(p- 
phenylbenzyl)piperazine of di-ethylaminopropylamide of DMDA40 for compound IS; 7d- 
methylaminobuthyl-N(nonyldimethyl)-amine of di-dimethylaminopropylamide of teicoplanin 
aglycone obtained by the method C for compound 37], 1.5 nmiol of the corresponding aldehyde 
was added and the reaction mixture was stirred at 40 °C for 3 h. Then the reaction mixture was 
15 cooled to 20 °C and 1 mmol of NaCNBH 3 was added. After stirring at 20 °C for lh 150 mi of 
ether Was added to the reaction mixture to give an oily residue, which was shaken successively : 
with ether (15 ml x 2) and acetone (-15 ml). After addition of 100 ml of acetone, a precipitate 
of crude amide was collected, dissolved in 50 ml of water and In NaOH was added to pH 9. 
The resulting solution (or suspension) was extracted with rc-BuOH (~ 25 ml x 3); the organic 
20 layer was washed with water (~ 15 ml x 3) and then concentrated at 45 °C in vacuum to a small 
volume (-3 ml). On adding ether (~ 100 ml), the precipitated solid was collected and dried in 
vacuum at room for 4 h, and 100 ml of acetone was added to form the precipitate, which was 
collected to give a pur© product. 

25 Changing the nature of the sugar residues of the glycopeptide antibiotics such has vancomycin 
can be performed as described in Nicas, TX et aL (Antimicrobial agents and 
Chemotherapy,199«, 40, 2194-2199.) 

Degradation products, the aglycon antibiotics caa be obtained through chemical degradation as 
30 described as examples hereunder. 



IQP671B4 25aAp^03,=t][7j3pl 
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Eremomycin aglycon was obtaiiied as described in Berdnikova, T.F. et al (Berdnikova, T.F.; 
Lomakina, N.N.; Olsufyeva, E.N.; Alexandrova, L.G.; Potapova, NP.; Rozinov, B.V.; 
Malkova, I.V.; Orlova, G.I Structure and Antimicrobial Activity of Products of Partial 
Degradation of Antibiotic Eremornycin. Antibiotics and Chemotherapy (Rus) 1991, 36, 28-31). 
5 1000 rog (0.6 mniol) of eremornycin sulfate were dissolved in 20 ml of HCl (concentrated) and 
were kept at a room temperature for 5 h. Then 60 ml of water were added to precipitate 
eremornycin aglycon- The mixture was cooled to 5 °C and kept iii re&igerator for 3 h. The solid 
was filtered oft; washed with 10 ml of coo! water, then with aceton and dried in vacuum. The 
solid was dissolved in 6 ml of DMSO and was added to 60 ml of acetone. The precipitate was 
10 filterred off, washed with aceton and dried to yield 530 mg of a crude eremornycin aglycon. 
The water filtrate was passed ibrough column (2x10 cm) of Powex 50x2 resin (H + -forro), 
which was washed with water and eluted with 50 ml of 0.25 *I NH4OH. The eluates were 
concentrated in vacuum with n-B»OH to minimal volume and precipitated with 50 ml acetone. 
The precipitate was collected, washed with acetone and dried in vacuum to give a crude 
15 eremomycin aglycon. The samples were analyzed by TLC on the Merck Silica Gel 60F 35 4 
plates in systems EtOAc-PrOH-25% NEUOH 2:2:3 with UV control 

The solids were conibioed and dissolved in 10 ml of 0.05 M AcONI-LrEtOH 9:1 mixture while 
acidified with 2 N HCl to pH 3 and applied to a chromatographic column with CM 32 
carboxymethyl cellulose (Whatman, Greate Britane) (45 cm x 2 cm) preequilibrated with 0.05 
20 M AcONHv-EtOH 9:1 mixture (pH 6.7). The column chromatography was carried out with 0.05 
M AcONHi-EtOH 9;1 mixture {pH 6.7) (300 ml), 0.1 M AcONSU-EtOH 9:1 mixture (pli 6.7) = 
(700 ml), then 0.15 M AcONKt-EtOH 9:1 mixture (pH 6.7) (700 ml) at a flow rate 30 mVh. 
The fractions containing eremomycin aglycon were combined, acidified with 6 N HCl to pH 3 
and passed through column (2x10 cm) of Dowex 50x2 resin {H*-form), which was washed with 
25 water and eluted with 50 ml of 0.25 N NH4OH. The eluates were concentrated in vacuum with 
n-BuOH to minimal volume, acidified with 0.05 N HCl to pH 5 and precipitated with 50 ml 
acetone. The precipitate was collected, washed with acetone and dried in vacuum to give 310 
mg (0.28mmol) oferemomycin aglycon (46.7 %). 



30 Des-(N-metJiyl-D-leucyI) eremomycin aglycon was obtained from eremomycin aglycon as 
described in Mirosbnikova, O.V. et al. (Miroshnikova, O.V.; Berdnikova, T.F.; Olsufyeva, 
E.N.; Pavlov, A.Y.; Reznikova, MX; Preobrazhenskaya, M.N.; Ciabatti, R; Malabarba, A.; 
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Colombo, L. A Modification of the N-Teraiinal Amino Acid in the Eremomycin Aglycone. J, 
Antibiot. 1996, 49, 1157-1161, 



Teicoplanin aglycon was obtained as described in Malabarba, A et aL (Malabaxba, A,; Ferrari, 

5 T.; Gallo, G.G.; Kettenring, J.; Cavalleri, B. Teicophmiu, Antibiotics from Actiuoplanea 
teichomyceticus nov. sp. VJL Preparation and NMR Characteristics of the Aglycone of 
Teicoplanin. J. Antibiotics 1986, 39, 1430-1442). The starting compound N-terminal 
phenylthiohydantoin-derivative of teicoplamn aglycon,- was obtained by Edman degradation of 
teicoplanin aglycon. To a solution of teicoplanin aglycon (lOOmg, -0.08 mmol) hi a mixture 
' 10 of Py/HiO (6:1, 4 mL), triethyl amine (0.26 inL, 2 raniol) and PhNCS (0.02 mL, -0.16 mmol) 
were added at room temperature under argon. The reaction mixture was stirred for 16 h, then S 
mL of HaO were added and the reaction mixture was evaporated with n-BuOH to dryness. The 
precipitate was dissolved in the mixture of TFA-CEbCk, 1:1 (3 mL) at 0-5 °C and then was 
stirred at this temperature for lh. Water (3 niL) was then added and the mixture was 
15 neutralized with 25 % NH4OH, washed with EtOAc (3 mL x 3), and the aqueous fraction was 
concentrated in vacuum with the addition of n-BuOH and applied to a column of silanized silica 
gel (2 x 100 cm), previously equilibrated with 0.01M acetic acid, The colurnn was elutcd with 
acetic acid (0.01M) at a flow rate of 30 niL/h for elation of compound N-terminal 
phenylthiohydantoin-derivative of teicoplanin aglycon. Fractions were pooled, concentrated 
20 with the addition of n-BuOH in vacuum, and acetone (50 rnL) was added to yield the 
precipitate, which was filtered off, washed with acetous and dried to yield <SS mg (54 %). 



The homogeneity and identity of the compounds obtained was assessed by HPLC and 
25 ESI mass-spectrometxy. Analytical reverse phase HPLC was carried out on a Shi.m.adm 
HPLC instrument of the LC 10 series on a Diasorb C16 column (particle size 7 \xm) at an 
injection volume of 10 \xL and a wavelength 280 nm. The sample concentration was 0.05-0*2 
mgfrriL. Mass spectra were determined by Electxospray lonisation (ESI) on a Finnigan 
SSQ7000 single quadrupole mass spectrometer. 

30 

ANTIVIRAL AND CYTOSTATIC ASSAY METHODS 
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Aflti-HIV activity assays 

Inhibition of HTV-l(niB, HE, HN) and HIV-2CROD, EHO, RF)-induced cytopathicity in CEM 
or C8166 or Molt4/C8 cells was measured in microtiter 96-well plates containing ~ 3 x 10 5 
CEM cells/ml, infected with 100 CCIDso of HIV per ml and containing appropriate dilutions of 

5 the test compounds. After 4 to 5 days of incubation at 37°C in a C0 2 -control!ed humidified 
atmosphere, CEM, C8166 or Molt4/C8 giant (syncytium) cell formation was examined 
microscopically. The EC 50 (50% effective concentration) was defined as the concentration of 
compound required to inhibit HIV-induced.gia)).t ceU formation by 50%, 
CytoHtatic activity assays 

10 All assays were performed in 96-well microtiter plates. To each well were added 5 - 7.5 jc JO 4 
cells and a given amount of the test compound. The cells were allowed to proliferate for 48 h 
(murine leukemia L1210) or 72 h (human lymphocyte CEM and Molt4/clone 8) at 37°C in a 
humidified COa-controlled atmosphere. At the end of the incubation period, the cells were 
counted in a Coulter counter. Hie IC50 (50% inhibitory concentration) was defined as the 

15 concentration of the compound that reduced the number of cells by 50%. 
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Discussion 



A variety of giycopeptide antibiotic derivatives of vancomycin* eremomycin and 
teicoplanin including their aglycon derivatives were evaluated for their inhibitory activity 
5 against PHV-1(III*) and fflV-2(TlOD) in CEM cell cultures. 

lot contrast with vancomycin and eremomycin that did not show anti-HIV activity at 250 
jiM, the vancomycin derivatives 1 and 2 modified at X or Y (Scheme 1) were inhibitory to 
HIV-1 at an EC 5U of 5.5 and 12 jxM, respectively (Table 1). Whereas % w&S xxot LoI.VtbitO.iy 10 
HTV-2 at 50 hM, 1 showed an EQso of 22 jiM. The eremomycin derivative 5 proved Yery 
• 10 inhibitory to HIV-1 replication (EC 5 o: 0,43 jiM) being cytotoxic against the CEM cells at a 100- 
fold higher concentration (IC 5 <>: 40 jiM). ■ The other eremomycin derivatives 3 and 4 were at 
least 10-fold less inhibitory to HIV-1 than 5. No activity against HTV-2 at subtoxic 
concentrations was observed. Interestingly, the eremomycin aglycon derivatives 6 to 8 all 
invariably inhibited both HIV-1 and HIV-2 at EC50 values ranging between 3.5 and 12 \jM. 
15 This is at compound concentrations that were at least 15- to 20-fold lower than required for the 
eremomycin aglycon. They were relatively non-toxic (EC50 > 100 pM. for CEM cells)- Tb.e Des- 
(N-raethyl-D-leucyl)-eremomycin aglycon 13 was also active against HIV (13-20 pM) and not 
toxic at 250 yM (Scheme 1 ? Table 1). 

Antibiotic A40 926 derivatives 15 to 19 containing no TST-acyl substituertt and mamiose 
20 moiety at ring 6 (Scheme 2) also displayed anti-HIV-t activity between 3.5 and 12 ^M, with .0.0 
or poor activity against KIV-2 at subtoxic concentrations (TahU 1). These derivatives were also 
in general more cytotoxic to cell growth than vancomycin and eremomycin. 

A large variety of teicoplanin aglycon derivatives have also been synthesized (Scheme 
3) and evaluated for their anti-HIV activity (Table 1). All of them showed pronounced anti- 
25 HIV-1 and anti-HTV-2 activity, often with a trend of being slightly more active against HI\M 
than HIV-2. The most active congeners were inhibitory against HIV-1 in the range of 1.3 to 4.5 
liM (compounds 20, 24, 26, 27, 30, 32, 36, 28, 40-45, 47 and 57). A number of them, i.e. 57, 
36, 24, 20 were not cytotoxic at 100-500 yM. This means that the most selective compounds 24 
and 36 had selectivity indices (ratio ICsofECsv) that were £ 200, The antiviral activity of the 
30 latter compounds was also at leaBt 10-fold improved over the uasubstituted teicoplanin aglycon 
(ECso: 17-20 nM; IC50: > 500 jiM). 

Compounds 62 and 63 that lack the zing systems 1 and 3 and have only two macroring 
structures showed activity against HIV-1 and HIV-2 at an EC50 between 17 and 37 [iM CTable 
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1, Scheme 4)- Also* compound 64 (Scheme 5) showed an antiviral activity of 13 aad 17 
against HTV-1 and HIV-2, respectively (Table 1). 

It is clear that in general, the agjycon derivatives of vancomycin, eremomycin and 
teicopianin gain anti-HIV activity compared to their (usually inactive) glycosylated parent 
5 compounds. Also, substrtuents on the aglycons of vancomycin, creuiomycin and teicopianin 
that increase the Hpophilicity of the aglycon derivatives, also markedly increase the anti-HIV 
activity of the compounds, In some cases, 'just the Simple aglycon showed already measurable 
anti-HIV activity, but hydrophobic derivatives were, as a rule, markedly more (10- to 100-fold) 
inhibitory to HIV. Among the teicopianin derivatives, both low hydrophobic and highly 
10 hydrophobic compounds showed prominent anti-HIV activity. The structural requirements to 
avoid cellular toxicity are unclear, but a number of antibiotic derivatives were clearly not. 
cytostatic in cell culture, while retaining pronounced antiviral activity. 

Seven compounds (6, 24, 35, 36, 40 > 51 and 56) were evaluated against a variety of HIV 
strains in different ceil lines, and it was found that they all maintained a similar antiviral 
15 potency regardless of the nature of the cell line or vims strain (Table 2). 

A time of addition experiment was performed for the highly selective compound 35. 
Compoxrad 35, like the virus adsorption inhibitor dextran sulfate, cannot be added later than 1 
hr post infection without significant loss of antiviral activity. In contrast, administration of a 
reverse transcriptase inhibitor (AZT, zidovudine) could be delayed for at least 3 hours without 
2Q loosing its antiviral activity. These data point to a very early event in the replication (infection) 
cycle of IHV as the antiviral target for the novel antibiotic derivatives. In agreement with these 
observations, it is important noting that the compounds kept their antiviral efficacy against 
EEV-1 strains that contain mutations in the reverse transcriptase that result in resistance to non- 
nucieoside reverse transcriptase inhibitors (NNRTIs) (Table 3). 
25 Extensive attempts (£ 9 weeks) to select resistant virus strains against 20, 24 and 40 

failed under experimental conditions that easily resulted in the emergence of nucleoside RT 
inhibitors (NRTTk (i.e. lamivudine) or NNRTI- (jLe. nevirapine) resistant virus strains (data not 
shown). 

30 In conclusion, novel classes of modified antibiotics have been discovered that were 

surprisingly active and selective against HIV in cell culture. The most active members of these 
antibiotic derivatives had an EC$o of 1-3 |iM and were non-toxic in cell culture (ICso ^ 200-500 
pM). Their antiviral mechanism of action is located at an early event in the infection cycle of 
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HTV (most likely adsorption and/or fusion), and is clearly different from the molecular 
mechanism of anti-bacterial activity, The compounds efficiently suppress diug-resistant HIV-1 
strains, and resistance development in cell culture is difficult to engender. Therefore, the 
(lipophilic) aglycon antibiotic derivatives should be regarded as interesting new lead drugs that 
5 should be Hirther explored as aiiLirelroviral compounds fur sydLmilc use in the treatment of IEV 
infections. In addition, their early intervention in the infection cycle of HIV also make these 
compounds potential candidate drugs for prevention of HIV spread [i.e. as a microbicide when 
given locally (i.e. intravaginally)]. 

•10 



Table 1. Cytostatic and anti-HTV activity of glycopeptide antibiotic derivatives 



Compound 








EC 50 °(|iM) 


No. 


L1210 


Molt4/C8 


CEM 


HIV-1 


HTV-2 


Vancomycin 


>500 


>500 


>500 


>250 


>250 


Eremomycin 


500 


>500 


>500 


>250 


>250 


Teicoplanin 


>500 


>500 


>500 


18 ±3.5 


100 ±0 


Teicoolanin 


>500 


>500 


>500 


17±3.S 


20 ±0 


aglycon 












Eremomycin 


>500 


>S00 


>500 


50 ±28 


250 ± 0.0 


aglycon 












Vancomycin 


>500 


>S00 


>500 


65 ±7.1 


250 ± 0.0 


aglycon 












1 


53 + 9 


>100 


>ioo 


12±3.5 


22 + 3.5 


2 


60±8 


53 ±1 


172 ±15 


5.5 ±0.7 


>50 


3 


22 ±0.3 


24 ±18 


95 ±14.1 


5.1 ±3.3 


20 


4 


16 ±6 


33 ±5 


27±7 


7.0 ±0 


>20 


5 


24 ± 0,4 


17±3 


40 ±4 


0,43 ± 0.25 


> 10 
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a IC 30 , or compound concentration required to inhibit tumor cell proliferation by 50%. 

''ECso, or compound concentration required to inhibit mV-indueed giant cell formation in CEM 

cell cultures by 50%. 
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Novel classes of modified antibiotics have been discovered that were surprisingly active and 
selective against HIV in cell culture. The most active members of these antibiotic derivatives 
had an EC J0 of 1-3 uM and were non-toxic in cell culture (IC 5 o > 200-500 uM). Their antiviral 
mechanism of action is located at an early event in the infection cycle of HIV (most likely 
' 10 adsorption and/or fusion), and clearly different from its molecular mechanism of anti-bacterial 
activity. The compounds efficiently suppress drug-resistant HIV-1 strains, and resistance 
development in cell culture is difficult to afford. 
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